Abstract
Introduction
rameterisations for d and z 0 with canopy structures (Yang and Friedl, 2003) .
23
The simple relations of d and z 0 to canopy height h (m), such as d/h = 0.64 24 (Cowan, 1968 ) and z 0 /h = 0.13 (Tanner and Pelton, 1960) , are frequently 1 used. However, d/h and z 0 /h are not constants and vary with the density of 2 roughness elements (see Garratt, 1994) . To represent the density of the canopy, The objectives of this study were to assess the validity of previous models 14 of d/h and z 0 /h against observed data from five different forests in boreal, 15 cool-temperate and warm-temperate areas, and to provide alternative param- 16 eterisation to describe the observed d/h and z 0 /h using forest structure factors. Japan (warm-temperate forest). Figure 1 shows the locations of these regions.
14
Locations and altitudes (m) of the sites are listed in Table 1 .
15
Figure 1 the Obukhov length) and within a limited range of wind directions (see Table   14 1) to avoid the shadow effect of the tower. 
5 and for coniferous trees as
where r is the crown aspect (height-to-width) ratio given in height analytically, we adopted the following procedure.
4
(1) Sort tree height of samples in increasing order.
5
(2) Plot cumulative basal area against the tree height of samples. 
8
(4) Differentiate the fit function of (3) and find the peak of this derivative.
9 Figure 2 shows the plots of the observed cumulative basal area against tree 10 height, the fitting curve (Gompertz function) to the observed data, and the
11
derivative of this fit function for each forest site. The canopy height h was 12 determined as the height at which the peak of this derivative appeared. relatively tall trees were located downslope. In both sites, the tree heights 18 near the tower were almost the same as the canopy heights obtained here. were insufficient to describe actual roughness parameters of forests.
10
Figure 3
11
The LAI-based model, CM88, is based on the numerical simulation results of and FAI in our sites was similarly scattered (Fig. 4) . used for intersite differences, and monthly data of d/h and z 0 /h were used for 10 seasonal variations.
Intersite differences of d/h and z 0 /h were well described by stand density 12 ρ s , although the results of site YP deviated somewhat (Fig. 7a ). This result 13 indicates that ρ s well represented the density of the forest. To parameterise these phenomena, it is necessary to consider the effect of 3 stems/branches and leaves separately. Therefore, we introduce a new concept 4 below.
5
• The basal part of d/h is primarily determined by the density of stems and 6 branches (stand density).
7
• The seasonal variation depends on the density of leaves (LAI), and the 8 degree of this variation is dependent on stand density.
9
• Final d/h is the sum of these variable components. 
17
In the case of z 0 /h, this was sufficiently parameterised using the linear rela-
18
tionship between d/h and z 0 /h from Fig. 7(d) , which is almost the same as Eq.
19
(3) which was originally proposed by Thom (1971 parameterised with ρ s as follows.
8 where α is a constant, and f D represents the residual of basal d/h. The be-9 haviour of Eq. (14) is shown in Fig. 8(a) . d/h decreased with ρ s , whereas intercepts increased with ρ s (Fig. 7c) . This Finally, the total effect of stems/branches and leaves on d/h is given by the 2 sum of Eq. (14) and f D (1.0 − f A ) and written as follows.
The behaviour of this total effect (Eq. (16)) is shown in Fig. 8(c) . The values two-parameter models. Since LAI can be obtained from satellite data (e.g. were related to LAI at each forest with the degree depending on stand density.
3
To explain these observations, a new concept was proposed for d/h.
4
(1) The basal part is primarily determined by the density of stems and 5 branches (stand density).
6
(2) The seasonal variation depends on the density of leaves (LAI).
7
(3) The degree of seasonal variation with LAI is dependent on stand density. this study, since the studied forests were not appropriate for such a condition. Sánchez-Guerrero, M.C., Lorenzo, P., Medrano, E., Castilla, N., Soriano, T., Sivanpillai, R., Smith, C.T., Srinivasan, R., Messina, M.G., Ben Wu, X., 2006. Figure 10
